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DRAG, ATiJD PITCXUXG M o m  OF A 10-PERCENL"THSCK b 

BLUNT-BASE AIRFOIL AT A MACH m m  OF 2.72 
By Jim J. Jones 

An experimertal  investigation was  made a t  a Pich number of 2.72 t o  
aeasure  the  effect of base bleed on the base  pressure, l i f t ,  drag, and 
pitching znomerrt of a  10-perceEt-tkLck blunt-base e i r fo i l  nodel. O n  this 
model the  base  bleed w a s  effected by bleeding a i r  through small holes i n  
the lover surface near the t ra i l ing  edge into the base  region. It was - found tha t  the  zero-lift beg w a s  reduced  about 6 percent  for  the maxi- 
mum value of the ra t io  of bleed-hole area to base  =ea tested. Above e 

found but the decrease i n   t o t e l  drag at this og thun  point over  zero 
area (no base  bleed) was very smll. No boundary-layer-removal plates 
were use& on the ends of the model; therefore, the model was not two 
dinensional i n  the  sense that the side-wall bowdary layer caused p. span- 
wise pressure  gradient. This spanwise pressure  gradient w a s  Eeasured on 
the model a t  a station near  the  trailing edge. 

* 

4 l i f t  coefficient of about 0.95, an optimum value of this area ratio was 

A t  b igh  supersollic  speeds the airfoil   with minimum pressure  drag 
for a given stiffness has a blunt   t ra i l i rg  edge. (See, for  example, ref. 1.) 
This confition  ezises from the fact   that   the drag contribution of the base 
is  small st, hypersonic  speeds. Sane bluntness might be beneficial a t  lower 
supersonic speeds i f  it were possible  to  increase  efficiently  the  pressure 
acting on the base. 

In reference 2 it w a s  sham tht t ? e  pressure on f'ne base of a cone 
cmlinder  could be raised by bleeding a i r  through small holes on the  cylio- 
dricel  surface  into  the  base  region. The result was a decrease i n  t o t a l  

imrease due to   the gresence of the holes. 
- drag of the body since the decrease i n  base drag was larger thlz the  drag 
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T h i s  so-called  base-bleed  principle was applied t o  a blunt-base air-  
f o i l   i n  reference 3. In  these  tests  the  air  to be introduced  into  the 
base region was not  obtained from the main stream but rather fro= an exter- I 

nal source. The tes t s  showed the base pressure could be raised on a two- 
dimensional body  by the same order of magnitude as on a body of revolution. 
However, these  tests did not  yield any data on the  overall drag reduction 
since the penalties of the  air-induction system were not  included. 

No complete analysis of the base-bleed mechdsm has as  yet been pub- 
lished. On bodies with blunt  bases, the mixing zone which  bounds the 
region of separated flow normally scavenges this separsted  region t o  a 
low pressure. It seems apparent from the tes t s  of references 2 and 3 
that the addition of' only a small mass flow t o  the base region  counter- 
balances t h i s  scavenging action so that  the  region is not evacuated to 
as low a pressure. These tests also indicated that the ogrtimum stagnation 
pressure of the   a i r  t o  be exhausted out of the base is  of about the seme 
magnitude as the  free-stream static  pressure. The method of obtaining 
bleed a i r  near the base of the model used i n  reference 2 has also been 
used i n  this investigation. 

The purpose of the present  investigation is t o  study the  effective- 
ness of base bleed on an airfoi l   sect ion by using  a  self-contained  air- 
induction system. Base pressure, l i f t ,  t o t a l  drag, and pitching noment 
were measured during the   t es t s   a t  a Mach  number of 2.72. 
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SYMBOLS 

plan-form area of model 

ra t io  of total   area of holes  to  area of base 

drag coefficient, 

lift coefficient, IJlf t 
SA 

lift-curve slope, - Z L  
d a  

pitching-moment coefficient about  67-percent station, 
Pitching moment 

9Ac 
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local pressure coefficient, 

base-pressure  coefficient, PB - pcn 
P - P, 
9 

9 

chord 

Mach  number 

local  static  pressure 

base  pressure 

free-stream static pressure 

free-stream dynamic pressure, - m a 2  
2 

angle of attack, deg 

ra t io  of specific  heats 

Y 

MODEIS AND TEST A P P m ! i S  

Description of Models 

A crass  section of the  mdel  tested is shown in figure 1 and g. 
photograph i s  shown in   f igure 2.  Two models  of identical  profile were 
built ;  one  was i n s t r m n t e d  w5th pressure  orifices whereas the other was 
adapted t o  a strein-gege  balance. The 10-percent-thick w i n g  had a 5-inch 
chord and the  location of maximm thickness was 3.33 inches (67 percent 
of chord} frm the leading edge. Or- the lower surface a plate  extending 
from 80 percent of the chord to   the  t ra i l lng edge esd to  114 inch from 
each w a l l  was removable, and the base-bleed holes were drilled through 
this plate. BeMnd the plate was a hollow chamber w h i c h  opened into the 
base of the wing. The wing sgananed the 6-inch tumel except for  a clear- 
ance of about 0.006 inch at  each w a l l .  This  clearance  permitted  balance 
measurements and changing the -le of attack. 

Figure 1 shows the arrangement and spacing of' the holes drilled i n .  .. 2. 

the  lmer  surface plates. The arrangement of the holes w a s  not  exactly 
the saxe on the  strein-gage model as on the  pressure-orifice model. The 
sketch shows one of the  fastening screws which held  the  plate  to t'ne  model. 
On the strain-gage model, these screws izterfered with the forwardmost 

r 



4 NACA RM L54K10 

rows of holes and therefore the area  ratio d i d  not  increase  lin- D 

early w i t h  the number of rows of holes. On the  pressure-orifice model, 
this difficulty was avoided by placing a l l  the  holes downstream of the 1 

screws. The maximum-area ratios  tested were 0.32 on the  pressure-orifice 
model  and 0.444 on the  strain-gage model.  The diameter of the  holes was 
0.040 inch. 

In  figure 2 the  strain-gage model i s  shown mounted  between the side 
walls but with the  nozzle  blocks removed. Two identical three-component 
balances, one on each side, of the model,  were attached t o  the shafts 
extending from the  nodel a t  i ts  point of naxFmum thickness  through  the 
side w a l l s .  On the balance model these  holes i n  the side w a l l s  were 
clearance holes t o  prevent  fouling and the  balances were enclosed i n  
pressure-tight boxes -to minimize leakage of a i r   i n to  the test  section. 
These pressure boxes  have been removed in   f igure 2. The readings of the 
two balances were  combined electrically and read  as a sillgle  output for 
each component. 

On the pressure  nodel, the shafts on the model were longer and 
attached  directly  to the yoke assembly (see f ig .  2). Bushings were 
inserted  in  the  holes  in tine side w a l l s  t o  provlde a bearing  point and 
t o  &nFmize a i r  leakage i n  the absence of the pressure-tight boxes. v 

An orifice measured the  pressure on the forward surface of the hol- 
low chamber on the  nodel  center  line a t   t ne  midspan (see fig. 1) and this " 
Dressure is called base pressure i n  this paper. A t  the completion of the 
base-pressure tes ts ,  the pressure  nodel was used t o  check the wing-surface 
spanwise pressure  distribution near  the t ra i l ing edge. For this purpose 
a row of orifices was made In a plate which did not  contain  base-bleed 
holes. The orifices extended from the model center  line  to one w a l l  along 
2 l ine  1/4 inch from the  trailing edge. 

Angle-of-Attack and T e s t  Conditions 

A motor-powered actuator was attached to   the yoke assembly so that 
the angle of attack could be changed during a run. The resistance of a 
spiral-wound resistor  indicated the position of the  actuator and thus the 
angle of attack. T h i s  system had an accuracy of only  about fO .5O; there- 
fore,  the values of angle of at tack  in  this DaFer are  limited to this 
accuracy. 

The tes t s  were conducted in  the Langley Gas  Dynamics Branch in  the 
small tunnel sham in  f igure 2. The test section of the  tunnel measured 
5 by 5% inches. The free-stream Mach nmber was 2.72 and the tests were 
run a t  a Reynolds number of 7 x 10 6 based on the w i n g  chord. The angle 
of attack w a s  varied from 0' t o  5'. 
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Figure 3 shows the  decreese i E  the  ebsolute  value 02 the base- 
pressure  coefficient as the  area of the  holes i s  increased f o r  the  angle- 
os-attack  range, Oo t o  5'. The decrease  in  base-pressure  coefficient 
for  the rozximuu value  of A d-% tested on th i s   nose l  'tias l e s s  than the 
s e a t e s t  decreese found i n  refereme 3.  The slose of the  curves  indicates 
sozne further small gains  could  be  achieved with larger  asea  ratios %/%- 
The velue of a t  zero  bleed mea checks well w i t h  other two- 

dimensional  base-pressure date. For the  higher  values of 

zppezrs that  the  reduction in- base-pressure  coefficient wolilii be  about 
one-third at an angle of a t tack of Oo end. about ace-half a t  an angle of 
at-leck of 5 O .  

cpB 
q!P it 

Figure 4 shows the neasured angle of attack a plotted  against the 
l i f t  coefficient CL. The sca t te r  of these date points is believed t o  
be r-early all due to   t he  inaccuracy  with which a was neas-ued. Thx 
theoretical  lift c-uve es cmputed by shock-expansion theory is also 
shown on figure 4. For t i e  remabder of t i e  deta CL is used as the 
indcpencient vEtriable . 

In  figilre 5 t'ne drag  coefficient is plotted  against the l i f t  coeffi-  
c ient  of the Eodel for  verious  values of ~d%.  The data are cross- 
s l o t t e d   i n   f i g c e  6 t o  show the   e f fec t  on drag  coeTficient of varying 

at constant  values of C It m a y  be see= that  increasing  the AI-:/% L' 
area  ra t io  A#B new  zero l i f t  sroduces a small bu% steady decrease 
in   t he  drag Coefficient,  but ?or lift coefficfents above 0.075 there i s  
an op thun  mea re t io .  This optimum goint becones more pronounced as 
t'ne l i f t  coefficient  iocreases. 

A t  zero lift, tiie decrease i n  total drag s h m  in   f i gu re  6 is about 
one-sixth  the  zero-bleed base drag, as m y  be seen  by  converting the 
base-pressure  coefficient of figure 3 t o  a base  drag  coefficient. Thus, 
the msximm base bleed on this nofie1  had a net  effectiveness of less 
than 1-7 sercect   in   e l7Mnating base dmg. In  f igure 3,  extrapolation 
of the zero-lif t   cmve t o  %/$ = 0.444 indicates a corresponding 
gross  reduction i n  base drag  of  about 3l. percent.  Since "ne base drag 
is a relat ively smll par t  of t he   t o t a l  drag,  especially as the l i f t  
hcreases ,  the overell  drag  reduction ( f ig .  6 )  i s  only  about 6 percent 
at C, = 0 and about 4 percent a t  CL = 0.15. 

J 

In  figure 7 the  l if t-&rag  ratio i s  shown plotted  against  
CL and in   f i gu re  8 the v-ng area r a t i o  is  s h m  
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for  constant  values of CL. It should be noted that the tests were not 
carried  to  high enough angles of attack t o  show the maximum CL/Cn of 
the model. Higher angles of attack  could  not be tested without  exceeding 
the  safe  load lhit of the  balance. However, the maximm C C as a 
function of %/% a t  constant CL was found and figure 8 indicates 
this peak t o  be niore pronounced w i t h  increasing CL. The influence of 
base  bleed on C 'C a t  higher  values of CL would be dependent on the 
condition of upper-surface  separation a t  the  t ra i l ing edge. Figure 8 

r shows the  net  gains  for optimum value of +/% are small and amount 
t o  a m a x l m ~ m  of 4 percent  for CL = 0.15. 

" 

c 

L/ D 

L/ D 

Figme 9 indicates  that   there was pract ical ly  no  change in   pi tching-  
moment coefficient w i t h  varying  area r a t io .  The theoretical  pitching- 
moment curve is  Shawn in   f igure  9 and shows good agreement with the  data. 

In an e f for t   to   ascer ta in  roughly the  effect  of the  Side-wall boundary 
layer on the model, measurmlents were made of the spanwise pressure dis- 
t r ibut ion on the lower surface at a s ta t ion 1/4 inch  fron the t r a i l i ng  
edge  and extending from the model center  l ine  to  within 1/4 inch of the 
wall. These results are  presented  in  figure 10. r w  be seen that 
the  pressure i s  lower neer the w a l l  than i n  the center  portion and that 
the  region  near the w a l l  is affected by the  presence of the tunnel side 
w a l l .  T h i s  gradient is imposed  by the changes i n  thickness of the  side- 
w a l l  boundary layer which has in   t u rn  been influenced by the  presence of 
the model. The results indicate  the  gradient is not  greatly  affected by 
changes i n  angle of attack  although  the  gradient  near  the  wall  steepens 
somewha t .  Also shown i n   f i gme   10  is the  pressure  distribution  at an 
angle of attack of Oo when the small clearance gap between the model 
and the  side w a l l  has been f i l l e d   i n .  The difference between the  general 
l eve l  of the two curves is attributed to  the  uncertainty w i t h  which the 
angle of attack is  se t .  Comparison of the two curves at a = 0, with 
the gap f i l l e d  and unfilled,  indicates that flow  around the ends of the 
model through the gap is not  the primary cause of the spanwise pressure 
gradient. The data cannot be intergreted  as  truly two dimensional 
because of this synwise  gradient. It is f e l t ,  however, that the trends 
of the data are  indicative of those on a true two-dinensional model end 
that the gradient does not  seriously  affect  the  validity of the  data. 

CONCLUDING REMARKS 

A 10-Fercent-thick  blunt-base airfoi l   sect ion was t e s t ed   a t  a Mach 
number of 2.72 t o  determine the  effects of base  bleed on base  pressure, 



a- l i f t ,  drag, and pitching mment. The base  bleed was accoqlished on this 
Eodelby  perforating  the lower surface of the w i n g  near tine t ra i l ing edge 

region by the  existing  pressure  differentiel. The t e s t s  were conducted 
f o r  the angle-of -attack range 0' t o  5 O  end for  verious  total areas of the 
bleed  holes up to 44 Sercent of the base area. 

L with s m J l  holes. Thus, air was drawn off  the lower surface  into  the  base 

Results of the  tes ts  on this model indicated t'ne base drag  could be 
reduced by about one-third at an  angle of attack of Oo a d  by orz-.half 
at .m angle of attack of 5O. However, the  penalty  that  aust be paid  for 
this reduction i n  base  drag is a drag  increase due t o  the bleed-air- 
induction system. On the model tested, small or even negligible  net 
gains were r e d z e d  because this drag  penelty was  of the sane order as 
the base-drag decrease. TGe zero-lift drag coefficient was reduced about 
6 percent  but a t  a l i f t  coefficient of 0.15 the  greatest drag  reduction 
w s s  about 4 percent. 

Langley Aeronautical Laboratory, 
National Advisory Camittee  for Aeronautics, 

hngley  Field, VE., October 25, 1954. 
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Figure 2.- Photograph 0% strain-gage model  mounted  between sidewalls. L-85340 
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Area ratio, AH/AB 

Figure 3.- Variation of  base  pressure with area ratio for angle-of-attack 
range 'tested.. 



Figure b.- Variation of measured angle of attack with lift coeff‘icient. 
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Lift coefficient, CL 

Figure 5.- Variation of drag coefficient with l i f t  coefficient  for  various 
area ratios. 
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A r e a  r a t i o ,  A H / A B  
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Figure 6.- Variation of drag coefficient with  area ratio for various 
Lift  coefficients. 
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Lift  coefficient, CL 

Figure 7.- Variation of lift-drag ratio with lift  coefficient for vzrfous 
area ratios. 



A r e a  r a t  i o ,  A H / A B  

Figwe 8.- VEriation of lift-drag ratio w i t h  area ratio for various lift 
coefficients. 



L i f t  coefficient, CL 

Figure 9.- Variation of pitching-moment coefficient with lift  coefficient. 
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Distance  along hal f   span,   in .  

Figure 1.0.- Variation of pressure coefficient  on lower surface 0.25 inch 
ahead of trailing  edge. 


